Abstract: Despite the presence of several studies on technology adoption, there are limited empirical studies on how socio-psychological factors affect the adoption of sustainable agriculture. Therefore, this paper investigates how socio-psychological factors-such as social capital, information, attitudes, efficacy, and aversion-affect smallholder farmers' decisions to adopt sustainable land management practices, such as agroforestry systems, organic compost, and crop rotation with legumes. Cross-sectional data are collected from 350 randomly selected farm households using a pre-tested and structured questionnaire. A multivariate probit model is used to investigate factors that influence the probability of adopting these practices. The ordered probit model is also applied to identify and analyze the determinants of the number (intensity) of land management practices adopted. The findings indicate that nearly half of the farmers have adopted these land management practices to improve soil fertility, enhance water retention capacity, and increase productivity. It is also found that attitudes, information, education, group membership, relational capital, risk attitudes, and labor supply significantly affect the probability of adopting these agricultural practices. The estimates of the ordered probit model also indicate that extension services, risk attitudes, group membership, relational capital, education and labor supply are major determinants of the number of land management practices used. However, financial resources, biophysical factors and some demographic factors are found to have an insignificant effect on sustainable agriculture adoption. This implies that when it is necessary to promote sustainable land management practices and to stimulate smallholder farmers to adopt such practices in isolation or combination, specific strategies should be designed to improve awareness, build positive attitudes, reduce risk aversion, strengthen formal organizations, and empower endogenous groups (or informal institutions).
Introduction
In most Sub-Saharan African countries, subsistence farming system which is also known as traditional agriculture has remained the dominant farming system. However, this farming system is characterized by very low productivity and weak performance. This is because of land degradation, low use of improved agricultural inputs, limited marketing systems, climate change, and frequent drought [1] [2] [3] .
In Ethiopia, for example, nearly 80% of the population depends on agriculture to sustain their livelihoods. The sector constitutes about 85% of the foreign exchange earnings. Furthermore, agriculture has around 43% share in the gross domestic product [4] . For this reason, agricultural growth not only determines the fate of non-agricultural sectors, but also accelerates overall economic development in the country.
Despite its dominance, the productivity of this sector in these SSA countries remains very low and it has grown by about 2.2% annually since 1991. The corresponding figure for developed countries is 3.9%, whereas 4.2% for other emerging countries. To this end, the low productivity has retarded the growth of other sectors and the overall economy. This demonstrates that the expansion of agricultural productivity gap will continue unless agriculture in less-developed countries especially SSA grows faster than in other countries [5] .
As documented in the literature, one way to improve the productivity of the sector is to invest in technologies and implement improved agricultural practices [6] . Agricultural productivity can also be increased through the use of improved varieties and improved farming practices [7] [8] [9] [10] [11] . These have the potential to further improve food security, reduce rural poverty, and enhance livelihoods [7, 10, 11] while maintaining environmental sustainability [8, 9] .
However, the adoption and diffusion of improved technologies and sustainable agricultural practices in these countries still remain below the expected levels [5, [11] [12] [13] [14] [15] . Some authors have conducted research to identify the reasons for the low adoptions. According to those studies, the low adoption of sustainable agriculture was associated with factors such as demographic variables, plot-location characteristics, information access, financial resources, government effectiveness, and the presence of shocks, for example, flooding and climate change [12, [14] [15] [16] .
Undoubtedly, even the findings from these studies are highly variable across locations and among regions. Subsequently, a location-based specific study is often necessary to understand the real factors that prevent farmers from adopting productivity-enhancing technologies and agricultural practices. In addition to this, farmers' decisions to adopt technological innovations depend on multiple and interrelated factors [17] . Considering this, additional empirical evidence is therefore still needed to understand what motivates smallholder farmers to adopt technologies and improved agricultural practices [18] .
Furthermore, in the traditional adoption literature, the main focus was on how socioeconomic variables and biophysical factors affect technology adoption. However, how socio-psychological issues affecting adoption behavior have received attention in the more recent literature, for example, by the following previous studies [17] [18] [19] [20] [21] [22] . Nevertheless, these empirical studies are potentially limited and insufficient to capture or address the effect of socio-psychological factors on (actual) adoption decisions, especially relating to sustainable agriculture.
In this essence, more empirical studies are still needed to adequately understand their impacts on sustainable agriculture adoption. In addition, the potential role of attitudes, social capital, personal competencies, capacity building, and information in the adoption decisions are less researched in the contemporary empirical literature. Therefore, it seems pertinent to undertake a study to provide additional empirical literature and then fill the existing knowledge gaps on the subject matter.
Parallel to this, in areas that are susceptible to soil erosion and land degradation that have resource-poor smallholder farmers, and that have small and fragmented farmlands, a possible way to improve productivity and ensure food self-sufficiency is to focus on sustainable agricultural practices [23] [24] [25] . Because more sustainable agricultural practices can be adopted using on-farm and locally available inputs, as well as using the knowledge and skills of the farmers to raise fertility, increase water retention, improve productivity, and ensure ecosystem services [21, 26, 27] .
Despite these potentials of sustainable agricultural practices, adoption remains very low and there are few such empirical studies. Therefore, this study aspires to further explore the issues from a different perspective at a micro level how social and psychological factors influence smallholder farmers to adopt sustainable land management practices. This paper, hence, aims to investigate how social and psychological factors-such as social capital, attitudes towards farming practices, information sources, and farmers' risk attitudes-affect smallholder farmers' decisions to the adoption of land management practices. Following this, the study contributes to contemporary literature interface by providing empirical evidence on how these socio-psychological issues affect actual sustainable agriculture adoption.
Therefore, this study extends the current literature on socio-psychological issues and adoption behaviors by clearly addressing this research objective. In addition, this paper provides insight and information that helps governments and development actors how to motivate farmers to adopt sustainable land management practices, which have economic and ecological benefits. Therefore, the results of the study have policy relevance and literature contributions.
Theoretical and Conceptual Frameworks

Sustainable Agricultural Practices Studied
Agricultural practices are defined as sustainable when they are implemented by locally available resources, based on farm households' knowledge and skills, and when they use less external inputs that are harmful to the environment. Sustainable agriculture is an integrated system of livestock and crop production that is capable of transitioning industrialized agriculture into an environmentally-friendly system while maintaining its productivity and competitiveness [13, 16, 27] .
Preliminary discussions were held with agricultural officials, extension agents, and NGOs working in the areas to identify commonly adopted sustainable agricultural practices. Accordingly, farmers have used different several practices to improve soil fertility, increase water retention, and improve productivity -for example, intercropping, anti-erosion measures like soil bunds, stone walls, terracing, agroforestry systems, use of animal manure, expansion of irrigation, incorporation of crop residuals in the soil, set up of water harvesting schemes, crop rotation, use of organic compost, crop diversification, area enclosure, use of improved seed varieties, zero-grazing, and weed management.
From these commonly adopted agricultural practices in the areas, agroforestry systems, application of compost, and crop rotation with legumes are selected to assess the influence of socio-psychological factors on smallholder farmers' choice of these practices (see Table 1 for the definition of these practices). Farmers were asked a dichotomous question (yes/no) as to whether they have applied these specific practices on their field plots for years. In this paper, 'adopter' refers to a smallholder farmer who has adopted a selected agricultural practice (assigned 1); otherwise, they are referred to as a 'non-adopter' (assigned 0). These selected agricultural practices can be adopted separately or in combination and, hence, there are eight possible adoption choices (see Appendix A). 
Practices
Definition and Explanation of These Land Management Practices
Agroforestry systems
Planting multipurpose trees on private plots, such as forage trees, perennial fruit (apples, oranges), shrubs, moringa trees, silkworm trees, acacia trees, olive and eucalyptus with crops and/or livestock in the same management unit
Crop rotation Use of different types of crops one after the other, for example, legume crops (beans, chickpea, lentils, or peas) following cereals (wheat, barley, or maize) in the same area in sequential seasons Compost Application of organic materials, such as weeds, farm waste, straw/hay leftovers, dry leaves, ash, and food wastes as organic fertilizer to increase yields
As indicated in the literature, agroforestry systems that combine both agriculture and forestry practices create more productive and ecologically healthy land-use systems. In addition to food and livestock forage, agroforestry systems could reduce greenhouse gas emissions by capturing carbon, improve resilience to climate variability and extreme drought conditions, and could also enhance soil fertility, leading to higher yields and income [6, [28] [29] [30] .
Several studies have also been conducted on crop rotation with legumes and found that crop rotation helps to replenish nutrients because legumes fix nitrogen in the soils. Using cover crops also prevents soil erosion and mitigates diseases/pests that often occur when a single crop is continuously cropped, improves soil structure and fertility by raising biomass, improves yields, and increases income [31, 32] . Farmers have often used legume crops-such as peas, beans, chickpeas, and lentils-following cereal crops, such as wheat, barley, and maize. Therefore, these legumes are involved in the rotations with these cereals.
With regards to compost, farmers in the area have often used organic materials-such as weeds, farm waste, ash, food waste, leaves, and straw/hay leftovers-as inputs for compost. Some studies explain that use of compost improves soil fertility, controls soil erosion, and increases crop yields and this tends to raise the income of compost adopters [33, 34] .
As can be seen in Appendix A, there are three possibilities: marginal probability (unconditional probability) as a probability of adopting agricultural practice regardless of any pre-requirement; conditional probability is the probability of adopting a specific practice given that other practices have already been adopted; and joint probability is the probability of adopting two or more agricultural practices simultaneously. About 46% of the farmers had adopted agroforestry systems; the corresponding figure for compost application was 55% and crop rotation with legumes was 59%. This suggests that there are also a significant number of farmers in the areas who have not yet adopted these practices.
Additionally, about 9% of the farmers adopted agroforestry systems only but not crop rotation and compost. The corresponding figure for sole compost is about 11% and 15% is for only crop rotation.
Considering the conditional probability that shows the interdependence decisions, the proportion of farmers who have adopted agroforestry systems, given that they have already applied crop rotation are 59%. The corresponding figure for compost is about 47%. About 14% of farmers have adopted all these agricultural practices in combination, while about 10% have not adopted any of the practices. About 11% have used agroforestry systems combined with crop rotation. Compost and crop rotation with legumes are used jointly by about 18% of farmers. Furthermore, about 12% of farmers have adopted agroforestry systems together with compost. Thus, these land management practices are interdependent and individual or separate decisions to adopt them seem less realistic.
Defining Socio-Psychological Variable and Estimating Procedures
The study has both observed variables in the study dataset (for example, education, landholdings, and household size) and latent or unobserved variables (for instance, attitudes, social capital, risk attitudes, and personal efficacy). These latent variables are constructed from statements that are directly observed in the dataset. Each statement is responded by a five-point Likert item, ranging from completely disagree to completely agree, from more unlikely to more likely and from very low to very high. For example, 1 = more unlikely, 2 = unlikely, 3 = uncertain, 4 = likely, and 5 = more likely. The lowest value indicates a negative implication, while the highest value shows a positive implication. However, the opposite (reversal) is also possible solely in the questionnaire to keep the counterbalance and consistency of the response.
In addition, the study has both target and control variables. The former variables have direct links with the topic and objective of the study (see Table 2 ). The discussions and implications of the paper should be mainly targeted on these variables. On the other hand, the latter variables have no direct links with objectives but they are still important because their exclusions might have direct or indirect implications on the efficacy and validity of the paper in general and target variables in particular. To mention some, for example, biophysical factors, and some demographic variables.
Here exploratory factor analysis with a maximum likelihood extraction method is used to construct our latent variables with a homogeneous structure from multiple statements with a heterogeneous structure in the dataset. Subsequently, the mean approach is applied for computing the value of each latent variable from the observed statements that correspond to the derived latent variable, because they have common parts and can be loaded onto a single derived variable. For example, five statements are loaded with personal efficacy (see Section 3.2.) and its value is the average value of these observed statements loaded onto personal efficacy. Table 2 . Definition, description, and explanation of some target variables of the study.
Variables
Explanation of the Variables
Attitude
The level to which a farmer feels to adopt agricultural practices after understanding and evaluating their positive and negative consequences.
Personal efficacy
The level in which a farmer evaluates own competencies, skills, knowledge, and capabilities whether those help him to successfully perform agricultural practices.
Perceived resource
The extent of perception of a farmer on how necessary economic resources and rural facilities facilitate or impede the adoption of sustainable agricultural practices.
Media influence
The level of influence on a farmer's behavior and decisions from formal mass media, like television, radio broadcast, mobile phones, newspapers, and magazines.
Technical training
Perception of a farmer on how capacity building schemes, like attending short-term course training, attending on-farm trials or agricultural field days and participating workshop exposure affects his decisions and behaviors.
Extension services
The level of how access to agricultural advisory services, such as agricultural experts and development agents influence a farmer's decisions and behaviors
Relational capital
Perception level on how reference groups or informal institutions (friends, families, neighbors and endogenous clubs, like Equb and Idir), who are important for the farmer, affect his decision and behavior (also called interpersonal contact = social pressure).
Group membership
A farmer's feeling on how formal organizations (farmers' associations, saving and credit associations, resource users' groups, and cooperative societies) influence his behavior and decisions. This is also sometimes known as group pressure.
Education
The educational level of the household head whether or not he/she can read and write from religious education or formal schools
Labor supply
Household size adjusted to adult labor equivalent to capture age difference. It is computed as adult male or female (15-60 years) is assigned 1; elders either males and females (+60 years) are 0.70; children both boys and girls (less than 15 years) is 0.50.
Farming experience
The number of years that the household head has stayed in farming. This shows accumulated skills and knowledge in farming decisions, innovations and other issues
Model Estimation and Explanation
As explained in the literature, farmers' decisions to adopt technological innovations to improve agricultural productivity and maximize yields are based on their expected utility (U i ) [11, 15] . Farmers decide to adopt if the expected utility of adopting (U m i ) exceeds the expected utility of not adopting or retaining the traditional management practice (U 0 i ). While the expected utility cannot be observable, the adoption decision to the practices can be observable. In this case, we can derive this unobserved utility from the observed variable. Then, smallholder farmers' choice for sustainable land management practices is given as
Where D im is the observable variable and D * im is a latent variable representing the decisions of farmers (i) to adopt land management practices (m). This depends on a vector of explanatory variables, such as attitude towards the practices, social capital, farmers' risk attitudes and demographic factors (X im ), and unobserved characteristics (ε im ). The error terms are expected to capture errors in optimization and perception.
In the presence of more land management practices, farmers can adopt them in combination or separately. If the adoption of these practices is interrelated, a separate estimation may lead to under (over) estimation. Accordingly, a joint analysis is therefore preferable. This retains the potential correlation between unobserved disturbances. It also allows for possible contemporaneous correlation in the adoption decision [35] .
Following this fact, adoption decisions for interdependent or interrelated land management practices have a multivariate structure. A multivariate probit model is hence more appropriate to handle such issue [35] . Therefore, the multivariate probit function can be specified as
Where the error terms jointly follow a multivariate normal distribution (MVN) with zero means and variance normalized to unity, Ω refers to a symmetric variance-covariance matrix, ρ is the conditional tetrachoric correlation between two different agricultural practices.
While this model allows us to estimate the probability of adopting land management practices, it does not define the number of land management practices adopted. In the literature, it is usually assumed that farmers adopting two strategies or practices have higher expected utility levels than farmers adopting only one strategy [36] . This can be expressed mathematically as
To capture this, two models are suggested, namely, the ordered probit model [11] [12] [13] [14] [15] and the censored least absolute deviation (CLAD) [36, 37] Both could help to explore factors that influence the number of land management practices adopted. In both models, the dependent variable (Y i ) is the number of agricultural practices adopted. Assuming three land management practices, farmers adopt zero (Y i = 0), one (Y i = 1), two (Y i = 2) and three (Y i = 3) practices regardless of their sequences and combinations. While the CLAD model assumes this to be a continuous variable, it is assumed to be an ordered variable by the ordered probit model. In this paper, the ordered probit model is used by assuming it to be an ordered variable.
With regards to the ordered model, at first sight, the number of land management practices adopted seem to be count data, which would justify the use of a Poisson regression model instead of an ordered probit model. However, the events do not have perceived equivalence probabilities for occurrence or adoption. In addition, the dependent variable is assumed by the Poisson model as a continuous variable, whereas it is assumed by this study as an ordered variable.
Furthermore, the probability of adopting the first land management practice is also found to differ from the probability of adopting the second land management practice [11] . The ordered model is appropriate and what is important here is whether the farmer adopts zero, one, two, or more land management practices despite the sequences and combinations. This function is given as
where Φ(.) is the standard normal cumulative distribution function, β is a parameter vector and λ 0 < λ 1 < λ 2 < λ 3 are unknown threshold parameters to be estimated by maximum likelihood. For these facts, both the multivariate probit model and the ordered probit model are expected to produce more reliable results on the factors that affect the adoption of sustainable agriculture.
Research Methods and Data
Sampling Framework and Survey Design
This study was conducted in six rural villages in northern Ethiopia, which is located between 13 • 40 to 14 • 0 north latitude and 39 • 40 to 40 • 0 east longitude (see Figure 1 ). Of the total catchment area (district), 9% of the areas are found in the dry temperate zone (1003-1500 m above sea level), 36% are in the warm temperate (1500-2300 m), and 55% is found in the temperate zone (2300-3069 m). The mean annual temperature is 20 • C and the mean annual rainfall is nearly 400 mm with an estimated coefficient of variation of 34% based on rainfall data over 33 years (1983-2015) . Nonetheless, the rainfall is often unpredictable, erratic, and variable. The estimated population is around 144,000 and about 75% entirely depending on agriculture [38] . The major crops grown in the areas are wheat, barley, broad beans, chickpeas, lentils, and field peas. Livestock-especially small ruminants and apiculture-is an integral part of the farming system. 
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This study was conducted in six rural villages in northern Ethiopia, which is located between 13°40 to 14°0 north latitude and 39°40 to 40°0 east longitude (see Figure 1 ). Of the total catchment area (district), 9% of the areas are found in the dry temperate zone (1003-1500 m above sea level), 36% are in the warm temperate (1500-2300 m), and 55% is found in the temperate zone (2300-3069 m). The mean annual temperature is 20 °C and the mean annual rainfall is nearly 400 mm with an estimated coefficient of variation of 34% based on rainfall data over 33 years (1983-2015) . Nonetheless, the rainfall is often unpredictable, erratic, and variable. The estimated population is around 144,000 and about 75% entirely depending on agriculture [38] . The major crops grown in the areas are wheat, barley, broad beans, chickpeas, lentils, and field peas. Livestock-especially small ruminants and apiculture-is an integral part of the farming system. The study area was purposively selected. It is one of the drought-prone areas in the country. Due to its topographic features (mountains and hills), it is also highly susceptible to soil erosion and land degradation. Besides, traditional continuous farming practices and overgrazing can aggravate this. Furthermore, the area is located very close to the Afar depression, one of the hottest and lowest areas on the earth. As a result, the local people have often been exposed and vulnerable to its adverse climatic effects. In line with these issues, farmers are expected to adopt different sustainable land management practices to reduce the adverse effects of drought, climate change, desertification, and other shocks, as well as to improve agricultural productivity and yields. In the light of these, the study area seems appropriate to undertake this research focusing on decisions and behavior with regard to the adoption of sustainable land management practices.
The study area has 18 administrative villages and these are grouped into two types based on agroecology. 16 villages are located in the temperate zone, and two villages in the warm temperate zone (Eira and Kelisha Emni). Certain parts of some villages are characterized by the dry temperate zone but there is no permanent settlement there. Five villages: Felege Weyni, Habes, Hayelom, Michael Emba, and Ruba Feleg from the temperate zone and Eirra village from the warm temperate The study area was purposively selected. It is one of the drought-prone areas in the country. Due to its topographic features (mountains and hills), it is also highly susceptible to soil erosion and land degradation. Besides, traditional continuous farming practices and overgrazing can aggravate this. Furthermore, the area is located very close to the Afar depression, one of the hottest and lowest areas on the earth. As a result, the local people have often been exposed and vulnerable to its adverse climatic effects. In line with these issues, farmers are expected to adopt different sustainable land management practices to reduce the adverse effects of drought, climate change, desertification, and other shocks, as well as to improve agricultural productivity and yields. In the light of these, the study area seems appropriate to undertake this research focusing on decisions and behavior with regard to the adoption of sustainable land management practices.
The study area has 18 administrative villages and these are grouped into two types based on agroecology. 16 villages are located in the temperate zone, and two villages in the warm temperate zone (Eira and Kelisha Emni). Certain parts of some villages are characterized by the dry temperate zone but there is no permanent settlement there. Five villages: Felege Weyni, Habes, Hayelom, Michael Emba, and Ruba Feleg from the temperate zone and Eirra village from the warm temperate zone were randomly selected. These selected villages represent around 33% of the total villages in the catchment area. At the time of the survey, these villages had about 9230 household heads. The required sample size (n = 350) was determined following the Yamane (1967) formula. After allocated this to each village proportionally, they were selected from the sampling frame of each village using a systematic random sampling method.
The data of this research originated from the cross-sectional survey and collected using a standardized questionnaire. To ensure the reliability of the data, the survey passed through several iterations. Firstly, the questionnaire was drafted following a review of previous adoption studies [39] [40] [41] [42] [43] [44] [45] [46] to understand the conceptions of socio-psychological issues and sustainable land management practices. Secondly, the draft was contextualized by some extension agents and development practitioners working in the area to assess the quality and content of these questions. Furthermore, the questionnaire was pretested by ten randomly selected farmers who were not included in the final survey. These pre-assessments have helped to improve the standard and quality of the questionnaires. The final version of the questionnaires contained valuable information on agricultural practices, information sources, attitudes, socio-psychological variables, demographic factors and risks. The household survey was administered by trained and experienced enumerators under the close supervision and follow-up of the research team.
Validating and Evaluating Data Qualities
Most of our target variables are latent and are constructed from statements in the dataset using factor analysis. For example, four statements that show the extent to which the farmer feels to adopt land management practices after understanding their positive and negative consequences are loaded into attitudes. Five different statements that capture the level of learning and influence from various community groups (friends, neighbors and informal groups) who are important for the farmer are loaded into relational capital. Three statements that show the level of impact on decisions that formal organizations, such as farmers' associations, resource users' groups, saving and credit associations and cooperatives are loaded into group membership.
Extension service is measured from three statements that indicate the level of influence of extension agents and how farmers are confidence in the information obtained from them. Perceived resource is derived from three statements that explain whether economic resources and rural facilities affect actual adoption of sustainable land management practices. Moreover, statements relating to the influence of formal media, such as television, radio broadcast, mobile phones and magazines on farmers' decisions and behavior are loaded into the same variable and named media influence. Furthermore, the extent of influence from attending short-term courses and participating in agricultural field days and workshops is loaded into technical training. Finally, five statements that show whether the knowledge and skills of the farmer influence to successfully adopt sustainable land management practices are loaded into personal efficacy.
In the literature, there are several ways to check the reliability, normality, multicollinearity and validity of the data, especially the latent variables [47, 48] . The convergent validity or accuracy that explains whether observed statements are measuring what they are designed to measure can be checked by the factor loading and variance extracted. Appendix B shows that the coefficients of average factor loadings for these variables (indicates whether the statements can measure the same concept in agreement) and variances extracted (the amount of variance in the statements accounted by for the latent variables) exceed the minimum recommended value (factor loading ≥ 0.60 and variance extracted ≥ 0.50). As indicated in the variance extracted, the total variance of the statements explained by each latent variable varied between 55% and 72%. The coefficients of Cronbach alpha (α) that tests reliability (internal consistency or similarity) describes how closely related the statements to measure a single latent is found higher than the recommended level for all the latent variables (α ≥ 0.70). Thus, these statements that correspond to each derived latent variable have common parts. They are more reliable and valid to explain the latent variables. They, therefore, can adequately be loaded onto a single variable using a mean approach.
The normality assumption is checked by Skewness and its value for each variable does not deviate from the univariate normality assumption. 2-tailed Pearson moment correlation analysis (contingency coefficient) is also used to check multicollinearity between these variables and they are found statistically uncorrelated. Therefore, these variables are fitted for subsequent estimation and standard inference. The mean score for the latent variables lies above three points, pointing to positive implications. For example for attitude, a high value indicates a positive or favorable attitude towards sustainable land management practices. The target and control variables of the study have no serious problems of non-normality and multicollinearity so that they can be used for further inference and exploration. Finally, robust standard errors estimation is used to correct for potential heteroscedasticity problem (if any).
Demographic and Socioeconomic Profile of Respondents
Appendix C presents the summary statistics for some variables. Nearly 82% of the farmers are living in villages located in the temperate zone, while the remaining are from the warm temperate zone. About 58% of the samples are male-head households and they have a mean farming experience of 23 years. About 86% are followers of an Orthodox religion, while the remaining are Muslims, Catholics and Protestants. Agriculture is the main sector that has been serving as a primary source of livelihoods for about 67% of the farmers, while the others have been engaged largely in petty trade, small businesses, selling of charcoal and firewood and causal works. The mean labor supply which is household size adjusted to adult equivalent is slightly less than four persons.
Coming to the educational level of the household head, about 54% could not read and write, while about 46% were literate. About 8% of the farmers did not have any livestock while the remaining had livestock with a mean of 2.40 TLU (Tropical Livestock Unit determine livestock density and 1 TLU = 1 camel, 0.7 cows, 0.8 oxen, 0.1 shoats, 0.5 donkey, 0.45 heifer/bull, 0.75 mule/horse, 0.2 bee colonies or 0.01 chickens). Landholding in the area is small and fragmented with a mean landholding size of 0.56ha. The qualities of the farmland vary from flat to steep slopes and from very fertile to infertile soils. While evaluating the plots, on average, about 25% of the plots are perceived by the farmers to have flat slopes and about 30% have fertile soils. Around 45% of the farmers had received credits, while about 18% did not need any credit because they are wealthy or credit averse. However, 37% of the farmers had no access to credit due to collateral constraints.
With regard to risk attitudes, farmers were asked a general question 'to what extent are they willing to take risks in the agricultural production, such as natural hazards, personal issues, technology risks, market volatility and financial shocks'. This was responded by a five-point Likert scale, such as very unlikely to take risks (assigned 1), unlikely to take risks, not sure about, prepared to take risks and highly prepared to take risks (assigned 5). About 6% of the farmers are not ready to take any risk at all while about 16% are extremely willing to take risks. About 22% of the farmers are uncertain whether to take or evade risks. About 30% of the farmers are relatively willing to take risks while about 26% are not willing to take risks. This farmers' attitude towards risks can be grouped into three: those farmers who are unlikely and extremely unlikely to take risks (risk averse), those who are not sure whether to take or evade risks (neutral) and those who are prepared and very much prepared to take risks (risk seekers). Nearly 46% of the farmers are risk seekers while about 32% are risk-averse farmers. The remaining are uncertain either to take or evade the risks, because they want to decide based on objective evidence and specific characteristics rather than on the activity itself.
Results and Discussion
Factors Influencing Farmers' Adoption of Sustainable Land Management Practices
This section explores factors that influence farmers' decisions to adopt agroforestry systems, compost fertilizer and crop rotation with legumes. Table 3 presents the results of the multivariate probit model, which is estimated using the maximum likelihood method. The Wald chi-square test indicates that the estimated model is overall significant. The slope coefficients are jointly different from zero. This suggests that the model has a strong explanatory power.
The rho likelihood ratio test shows that the correlation of the error terms across the three different equations is statistically significant. The choices for these selected agricultural practices are interdependent; a positive coefficient for complementary effect and a negative coefficient for substitution effect. For example, compost and crop rotation (ρ = −0.26) are substitutable, while agroforestry systems and compost (ρ = 0.31) are complementary. Agroforestry systems and crop rotation are unrelated, because they have no significant correlation. Table 3 shows that education, labor supply, social capital, risk attitudes, farming experience, extension services and attitudes are factors that significantly affect farmers' choice to adopt agroforestry systems, crop rotation with legumes, and compost application.
Behavioral Factors
This includes attitudes towards risks (risk attitude) and attitudes towards sustainable agriculture. Farmers' attitudes are constructed from observed statements relating to perceived easiness, perceived usefulness and perceived compatibility of agricultural practices [46, 49] . The findings indicate that attitude has a significant and positive effect on adopting crop rotation with legumes and compost application. Farmers who have highly positive attitudes towards both practices are more likely to adopt them. This suggests that they have perceived those practices as useful for them; easy to understand, learn and adopt; and they are compatible with their existing farming values and traditions. However, farmers' attitudes towards agroforestry systems are not linked to their adoption. Therefore, positive attitudes have significant impacts on inspiring farmers to implement some land management practices to improve productivity.
In the literature, similar findings were reported previously. For example, the significant and positive impacts of farmers' attitudes on adopting ecological focus areas and private sustainability schemes [19] , using agri-environmental schemes, such as environmental fallow and use of alternative crops in special protected areas [50] , implementing pro-environmental agricultural practices [51] , converting non-organic agriculture to organic agriculture [52] and adopting various agricultural practices [13, 53] . Similarly, perceived advantages and perceived compatibility were found to be significant predictors for adopting conservation tillage, grassed waterways, filter strips and cover crops in the US [54] .
Concerning risk attitudes, it is stated that the more willing the farmers are to take risks, the higher their risk attitudes, and the less inclined they are to implement any risk-reducing strategy. This suggests that an individual who is more (less) willing to take risk will have a lower (higher) subjective/perception of risks [55] . For this fact, we include farmers' risk attitude in the model as a proxy variable for uncertainty or aversion. Table 3 indicates that risk attitude is negatively related to the probability of adopting compost, whereas it is positively related to the probabilities of adopting agroforestry systems and crop rotation.
The question is to understand the factors that indicate positive effects of risk attitudes on the adoption of agroforestry systems and crop rotation, as well as negative impacts on the application of compost. Assuming that risk seekers have more livestock than risk averse farmers, risk seekers may not prefer compost because they need the organic materials for their livestock, for example, weeds, farm waste and leaves. However, this may not work for risk averse farmers. Risk seekers may also prefer other practices (animal manure, agroforestry systems, and crop rotation) to compost due to the labor and time demands of compost preparation (collecting, mixing and distributing).
With regards to agroforestry systems, farmers have to purchase the seedlings (permanent fruit, Moringa trees, mulberry or silkworm trees, livestock forage) and these trees also require some time before harvesting. Accordingly, the cost and time implications may lead to risk averse farmers not to use agroforestry systems or use them less. However, this may not work for risk seekers. In addition, shrubs, eucalyptus, acacia trees, olive trees and other trees often compete for land with crops. Due to their small landholdings, risk averse farmers may be less likely to use agroforestry systems, but risk seekers may not care about the size of the land as long as these practices have opportunities for them.
Several authors report that risk-averse farmers are more reluctant to adopt sustainable agricultural practices and therefore have a lower probability of adoption decisions compared to risk seekers. For example, a lower adoption of risk averse farmers for improved technologies [56] , pro-environmental land management practices [57] , and sustainable agricultural practices until adequate information is available [58] . On the other hand, risk attitude, which measures to what extent a person is willing to take or to avoid risk, was found to have a negative influence on the intended and actual adoption of risk management strategies. Higher risk attitudes mean a greater willingness to take risks and a lower likelihood of implementing risk management strategies [55] .
Social Capital and Information
In this study, social capital includes both relational capital and group membership, while the source of information includes extension service and mass media. Formal organizations (e.g., farmers' associations, resource users' groups and cooperative societies), and interpersonal interaction and informal communication among local community groups help farmers in the area to exchange information, to harmonize their beliefs and attitudes, and to overcome resource constraints. Table 3 confirms the positive effect of social capital on the adoption of agroforestry systems, grain-legume rotational practices and compost. This constitutes evidence that formal organizations, neighbors, friends and other community groups stimulate smallholder farmers to adopt sustainable land management practices.
Previous studies have documented the positive effect of social capital on adoption. The number of sunflower adopters increased when there were strong social ties among friends and families [59] . Peers and family members shaped the demand for protecting and preserving land and water resources [60] . The positive impacts of agricultural leaders on the adoption of sustainable environmental practices have been documented [51] . A positive impact of social pressure was observed for the adoption of organic agriculture [52] . Membership of farmers' organizations was found to positively affect the adoption of agricultural technologies [1] . Besides, farmers who are adopting some sustainable agricultural practices could influence other farmers around them to adopt different agricultural practices [61] .
Apparently, information is an important input in making farming decisions. A decision to use sustainable farming practices was positively shaped by the availability of technical information [60] . Lack of information was also found to hinder the adoption of sustainable practices [62] . Uncertainty (or aversion) is reduced when information is diffused, which motivates the uncertain group to adopt improved technologies [58] . Therefore, access to alternative information sources (mass media and extension services) is included in the model to investigate the potential effects of information on implementing agricultural practices. The probability of farmers adopting them increases if they have access to alternative information. With adequate information on the attributes of agricultural practices, farmers reduce their uncertainties and that enables them to be more willing to adopt land management practices.
In this regard, extension services have a significant and positive effect on the adoption of agroforestry systems and crop rotation with legumes. At village level, there are some agricultural extension agents who are assigned by the government to advise farmers about improved technologies and agricultural practices. They can help them to become aware of their attributes, advantages and disadvantages. Several authors, for example, in Vietnam [13] , Tanzania [16] , the US [63] , Zambia [64] , and in Kenya [65] reported that extension agents positively influenced the adoption of improved farming practices. Farmers are more likely to adopt improved farming practices if they have frequent contacts with public extension agents. They could encourage them to apply these farming practices.
Some farmers in the area have access to television or radio that helps them to obtain agricultural information, because agricultural issues are sometimes broadcast nationally through these devices. The findings show that the media has a significant positive influence on the implementation of compost but an insignificant effect on the adoption of agroforestry systems and crop rotation with legumes. It seems that the use of compost, including the process of preparing it, is broadcast by the government media agency. In line with this result, it was reported in the literature that the presence of radio or television positively influenced the adoption of insect-resistant corn, drought-tolerant soybean varieties, and conservation practices [14, 63, 65] . Conversely, farmers' access to a mobile phone [14] and radio [66] were found to insignificantly affect the adoption of improved practices.
Capacity Building and Competence
This includes technical training, education, farming experience, labor supply and personal efficacy. In almost every rural village in Ethiopia, farmers' training centers have been established and equipped (partially) with the necessary human resources and physical facilities with the aim of transferring knowledge about improved farming practices and technologies. These centers have served as demonstration sites. Capacity building training or demonstrations have often been organized in these centers, esp. by practitioners, to transfer technological innovations and improved farming methods. The centers are also used to store improved inputs, such as chemical fertilizers, improved seeds, pesticides and herbicides so that farmers can obtain these inputs from the centers. Table 3 illustrates that technical training has a significant positive effect on the adoption of compost, but it does not affect agroforestry systems and crop rotation. This suggests that compost requires practical training and field trials to see how it is prepared and implemented while this is not the case for the other land management practices. Previous studies have confirmed that participation in farm-level demonstrations or capacity building training contributes positively to farmers' decisions to adopt sustainable practices, such as farmyard manure, seeds of improved varieties, crop rotation and green compost [1, 16, 65] .
In personal efficiency essence, the application of conservation practices and integrated soil management techniques requires farmers to learn new skills and knowledge to determine the functioning of the soil and the impact on agricultural yields [11] . Following this, personal efficacy (farmers' knowledge, skill and competence) is included in the model to understand its impacts on adoption decisions. As stated above, five different statements relating to internal qualities of farmers are loaded to personal efficacy and this is the average value of these statements. However, farmers' abilities and competence are removed from the model due to the multicollinearity effect with risk attitudes. While observed in the literature, the perceived ability, which represents farmers' competence and experience, was found to positively influence farmers' intentions and adoption of organic avocado production. Growers who had a negative perception of their abilities were less likely to become involved in organic production [52] . Similarly, a self-concept that includes personal norms and personal competence was also found to positively predict sustainable practices [51] .
Apart from this, farming experience, labor supply and education can also reflect competence and cumulative knowledge of farmers. In the literature, previous innovation was found to be a potential predictor in the adoption of ecologically sustainable practices [19] , and conservation tillage practice and herbicide-resistant cotton varieties [67] . In this regard, farming experience is used to approximate the previous innovation of farmers and is proposed to have a positive effect on current adoption. The results of the study show that farming experience has a significant positive effect on the adoption of agroforestry systems and a negative effect on compost application. This suggests that farmers with more farming experience are unlikely to adopt compost, i.e., application of compost is negatively correlated with experience. This might be linked to age and negative experience. Firstly, preparation of compost is not easy. It is labor intensive and time-consuming to collect the organic materials used for compost from different sources and to prepare the compost itself. Since there is a strong correlation between age and farming experience, these factors might explain a dislike by more experienced farmers for compost. Secondly, the negative past experiences of farmers in the area might be a particular reason. For example, silkworm trees were given to farmers and they planted on their field plots, but no-one (neither the government, researchers nor NGOs) provided them with the insects. Accordingly, they abandoned the silkworm trees from their field plots after four years.
The availability of labor supply is an important determinant of adoption decisions [11, 19] . In smallholder systems, household size can be a proxy variable for family labor endowment. The larger the family, the more labor is available not only for agricultural production but also for non-agricultural activities. Therefore, a large family does not suffer from a shortage of labor supply. Here labor supply is found to have a significant positive effect on the adoption of compost, but an insignificant effect on agroforestry systems. This suggests that compost demands more labor, and the probability for using compost is higher for large families. Thus, a large labor supply allows farmers to execute sustainable agriculture, especially labor-intensive land management practices.
The potential effect of education on the adoption of agricultural practices has been seen, because education improves awareness of farmers about technologies and improved practices, and also enables farmers to achieve greater efficiency in farming production [64] . Table 3 shows that literate farmers are more likely to apply agroforestry systems, crop rotation with legumes, and compost to enhance productivity, compared to illiterate farmers. Literate farmers show a greater preference for agroforestry systems and crop rotation but less preference for compost. Therefore, education is important to enhance awareness and promote the adoption of sustainable agricultural practices. In this regard, previous studies have reported mixed findings. On one hand, farmers' education was found to have an insignificant impact on adopting conservation tillage and herbicide-resistant cotton varieties [67] . On another side, it has a significant positive impact on the adoption of insect-resistant corn and soybean varieties [63] and the adoption of a greater number of sustainable agriculture [11, 13] . Therefore, education can be positively correlated with the use of sustainable agriculture.
Other Socioeconomic and Biophysical Factors
In some previous studies, gender had an undefined effect on adoption [15, 56] . In this study, the gender of the farmers has a significant positive effect on the adoption of agroforestry systems and compost, but it has an insignificant effect on the adoption of crop rotation. Female-headed households might be less likely to adopt compost owing to time constraints since they are responsible for all household activities. Preparing compost is also not an easy task because it is labor intensive. Accordingly, males may be relatively physically stronger than females to perform these labor-intensive activities. Therefore, the probability of implementing compost as organic fertilizers is higher for male-headed than for female-headed households.
As explained in the literature [46] , rural facilities and capital resources either retard or expedite decisions to adopt technological innovations. Accordingly, perceived resources are included to determine how this influences the adoption of sustainable agriculture. Based on factor analysis, three observed statements relating to the impacts of resources and facilities are loaded to perceived resources, and this has a significant positive effect on compost. Farm households can apply compost if economic resources (e.g., organic materials) are not perceived to be obstacles, as well as if there are institutions that provide training in how to prepare and use compost. Additionally, special skills and access to credits, which show financial capacities, have insignificant effects on all these agricultural practices. This may indicate that these practices may not require purchased inputs or may not need institutional support for their implementation.
These results, nevertheless, can be inconsistent with the existing evidence in the literature. Perceived control that shows the influences of economic resources and physical facilities was found to be a significant predictor for the adoption of environmental conservation practices [19] and the adoption of land management practices [51] . An individual decision to implement sustainable agricultural practices was also positively shaped by infrastructure and necessary physical resources [60] . In addition, the availability of resources-such as money and access to credits-had a positive influence on the use of seeds of improved varieties, chemical fertilizers, and sustainable agricultural practices [65, 66] . These show that economic resources and infrastructure facilitates are important facilitators of the adoption of sustainable agricultural practices.
In the area, the livelihood of most farmers relies on mixed farming: both livestock and crops. Farmers with more livestock and large landholdings are more likely to have a higher output and income and to be wealthier. Livestock are sources of food, biogas, manure, and income. Manure can be complementary or substitutable for other practices. As indicated by the results, the physical quantity of livestock (TLU) reduces the application of compost, but it does not affect agroforestry systems and crop rotation. The number of livestock has a significant and negative impact on the adoption of compost. This might be linked to two explanations. Firstly, farmers could prefer and choose other agricultural practices, for example, such as animal manure. Secondly, there may be a competing effect between the organic materials used to produce compost and animal feeds. In Ethiopia, the organic materials used for compost-such as weeds, farm waste, leaves, and food waste-are often given to animals. Consequently, farmers who have animals prefer not to use compost.
However, the results for agroforestry systems differ from observations in the area. Farmers have often collected fodder and forage from exclosure and multipurpose trees. The leaves of various trees, such as acacia trees and other local trees, are used as animal feed. They have collected grasses and forage from the managed and exclosure areas through cut and carry feeding systems. Despite these advantages of agroforestry systems, livestock insignificantly affects agroforestry systems. In previous studies, mixed findings were reported. Livestock did not affect the adoption of crop rotation, inorganic inputs, conservation tillage, and improved seeds [15] . On the other hand, a higher likelihood of adopting agroforestry was reported with a larger number of livestock [29] . Notes: Others variables: religion, personal efficacy, special skills, farm conditions (size, fertility, and slopes), agroecology, occupation, and credit access Significant level: *, ** and *** shows statistically significant at 10, 5, and 1%, respectively.
Determinants of the Number of Sustainable Land Management Practices Adopted
As stated above, farmers can adopt these sustainable land management practices individually or in combinations. This section assesses the factors that influence the adoption of the number of (intensity) land management practices regardless of their sequences and combinations. This is estimated by the ordered probit model. The dependent variable is the number of sustainable agricultural practices adopted (none, one, two, and three practices), while socio-psychological factors, demographic characteristics, and biophysical variables are some explanatory variables. Table 4 presents the determining factors for the aggregate number of sustainable land management practices adopted. The results of the coefficients of the ordered probit model reveal that education, labor supply, social capital, attitudes, risk attitudes, extension services, technical training, and perceived resources have significant effects on the number of sustainable agricultural practices adopted. However, demographic variables (farming experience, gender, and religion), landholding size, credit access, special skills, agroecology, and possession of a radio or television are not associated with the number of sustainable land management practices used.
Membership in formal organizations and relationships with local community groups (social capital) have positive spillover for smallholder farmers to adopt more and various sustainable agricultural practices. As outlined in Table 4 , the marginal effect of the ordered probit model indicates that farmers who have strong ties, relationships, and networks within local community groups -such as neighbors, families, friends, and relatives-are 5-6% more likely to apply one or more agricultural practices than other farmers. Farmers who are members of formal organizations (and understand their strong influence), such as farmers' associations and cooperative societies, have a 6% higher probability of adopting two or more sustainable land management practices. This suggests that rural institutions and interpersonal communications and relationships are important factors for smallholder farmers to motivate them to adopt a combination of land management practices.
While assessing farmers' attitudes towards sustainable agriculture, it is found to have a positive impact on the adoption of more agricultural practices. For example, adoption of two or more land management practices increases by about 10% with an increase in the value of attitudes towards five points (strongly agree), while adopting either nothing or solely one practice (regardless of which practice) declines by 7-11% if the attitude is positive or increases to five points. This suggests that positive attitudes of farmers towards sustainable agriculture can lead to the adoption of more sustainable land management practices.
Concerning extension services and technical training, they have mixed effects. As indicated in Table 4 , extension services negatively influence farmers to adopt solely one land management practices but positively affects them to apply a combination of these land management practices. Similarly, the unexpected result of technical training is the insignificant effect for the adoption of solely one sustainable land management practices (regardless of which practices), even if technical training inspires farmers to adopt a combination of land management practices. Practically, extension agents in the area have taught or advised farm households to adopt more agricultural practices to improve productivity. Receiving participatory (or experimental) capacity building training has been shown to stimulate farmers to apply more land management practices to enhance productivity.
As indicated in the ordered model (Table 4) , risk attitude is positively correlated with the adoption of a combination of sustainable land management practices, but negatively related to the adoption of solely one practice. This suggests that, because of the uncertainty issues, farmers who are risk averse (who have a lower value of risk attitudes) are less likely to adopt a combination of sustainable land management practices. They do not want to take risks. On the other hand, risk seeker farmers (who have a higher value of risk attitudes) are more likely to adopt more and a combination of land management practices. This suggests that risk seekers can adopt more land management practices as long as these practices have opportunities.
In essence to education, literate farmers are more likely to adopt a number of land management practices than illiterate farmers. This might be linked to awareness of the attributes and benefits of sustainable agriculture. This suggests that literate farmers could benefit from the positive effects of education. With regard to labor supply, large families positively contribute to the adoption of more land management practices in combination. This is for the fact that many land management practices are labor intensive. Table 4 also indicates that farming experience, however, does not influence whether or not farmers have to adopt more land management practices to enhance productivity.
As indicated by Table 4 , both the coefficient and marginal effects of the ordered probit model indicate that livestock ownership also tends to impede farmers from adopting more land management practices. This suggests that livestock ownership does not encourage farmers to adopt a number of sustainable agricultural practices. For every additional livestock unit, the probability of adopting two and more land management practices is reduced from 1 to 4%. This suggests that there is a negative relationship between livestock husbandry and some practices of sustainable agriculture due to the following explanations.
Firstly, it seems that they can compete for time, resources, and labor. For example, production of leftovers (crop residues) has been often used for livestock feed. The organic materials used for compost have been also used as livestock feed. Secondly, sustainable agriculture -such as completely managed, rotational grazing systems, and planting multipurpose trees-does not encourage free grazing of meadows and communal areas and therefore compels farmers to reduce their size of livestock. As a result, most farmers could not favor this. They, rather, prefer free grazing even if they understand that free grazing feeding system is not sustainable and effective.
With regards to farmland conditions, occupation, and slopes and fertility of farmland are found to be significant variables, while the remaining variables are not associated with the number of sustainable farming practices used. The availability of economic resources and physical facilities does not help farmers to adopt more practices. Agroecology is included to capture spatial effect across locations (villages) and agro-climatological zones because different areas may have different characteristics that make farmers to more prone to adopt (or not adopt) particular agricultural practices. However, it was found insignificant, maybe due to small area coverage of the study.
The aim of implementing sustainable land management practices-such as agroforestry systems, organic fertilizers, and bio-diversification-is to reduce soil erosion and land degradation, as well as to improve the quality or fertility of farmlands, which leads to improving productivity. Following this, farmlands that have flat slopes and fertile soils are less likely and demanded to execute sustainable practices compare to steep slopes and unfertile soils. Therefore, farmers who have cultivated lands with flat slopes and fertile soils are unlikely to be motivated to adopt more agricultural practices.
In short, with the exception of some variables, the ordered probit and multivariate probit models reported very similar results for the probability of adopting sustainable land management practices. Also, the target variables (sociopsychological factors)-such as attitude, perceived resources, personal efficacy, relational capital, group membership, risk attitudes, information, education, and labor supply-are found to have joint significant effects on the probability and intensity (number) of adopting these land management practices. However, not all these variables are statistically significant from an individual perspective.
Therefore, social and psychological issues are vital to stimulating smallholder farmers to adopt sustainable agriculture that has economic and ecological benefits. Specific risk-averting strategies are needed to reduce uncertainty and build local resilient systems, and to motivate farmers to focus on quality livestock, for example, providing insurance schemes, arranging credits, giving livestock management training, providing timely information, and organizing various capacity building initiatives to enhance awareness.
It is important to rethink the importance of inter-personal relationships and communications, technical assistance and formal organizations in building confidence, bringing changes in mindset, and stimulating farmers to adopt more sustainable land management practices. Local people who live in particular areas with adjoining land have not only the same behaviors, attitudes, and norms but also shared similar interest and they have common problems. As a result, these could help them to develop strong beliefs, attachment, and trust in collective actions and decisions. interest
In this situation, if there are some farmers who can be considered as a successful example in the villages, especially in adopting sustainable agricultural practices, neighbors and other farmers can go and observe the benefits of these practices. These model farmers can convince other farmers to adopt those agricultural practices at minimum efforts than that of the government bodies. Also, trained and dedicated extension agents can convince farmers in the demonstration sites that sustainable agricultural practices are compatible with their existing traditions, are adaptive to their local environment and have positive impacts on agricultural productivity. Notes: Other variables: religion, gender, experience, agroecology, personal efficacy, farm size, credit access; *, **, and *** represents statistically significant level at 10, 5, and 1%, respectively; figure in the parenthesis are robust standard error for respective variables.
Conclusions and Implications
This article explores how attitudes, social capital, personal efficacy, information, and risk attitudes influence smallholder farmers' decisions for a simultaneous adoption of sustainable land management practices. In the area under consideration, many smallholder farmers have introduced and implemented land management practices, such as agroforestry systems, compost, and crop rotation to enhance productivity. However, there are still a significant number of smallholder farmers who had not yet adopted these practices. The results of the multivariate probit model (adoption probability) illustrate that information, social capital, attitude towards sustainable agriculture, education, and risk attitudes are significant factors determining adoption of these sustainable land management practices.
Viz., adoption of agroforestry systems is affected by education, risk attitudes, social capital, extension services and attitudes. Similarly, social capital, risk attitudes, technical training, attitudes, perceived resources, education, labor supply, and livestock influence the use of compost. Furthermore, the major factors that affect the use of crop rotation to raise productivity include risk attitudes, media influence, social capital, extension services, attitudes, education, and labor supply. The ordered probit model generates major determinant factors that affect the number of sustainable land management practices adopted (intensity), for example, extension services, risk attitudes, group membership, relational capital, education, labor supply, and farmland conditions. This suggests that social capital, education, attitudes, and perceived resource have positive impacts to implement more than one sustainable land management practices. There are also some factors that uniformly influence the adoption and intensity of sustainable land management practices. Socio-psychological variables that were undermined in the conventional or traditional literature while have been received attention in the recent contemporary literature foster the adoption of multiple sustainable land management practices. Therefore, it is possible and feasible to improve soil fertility, conserve the natural resource base, enhance water retention capacities, and increase agricultural yields through the promotion of the adoption of sustainable land management practices.
This study is expected to have some shortcomings that need to be acknowledged. Firstly, it does not consider the time path of adopting these practices so it lacks dynamic effects. The focus of the study was also at farm level but not at plot level because it was difficult to undertake this in the small and highly fragmented plots. For example, the mean plots are four plots with a mean distance from home to plots of 30 min. Moreover, there is suspicion of and endogeneity problem, especially extension services and group memberships. Farmers are more likely to adopt if they are advised by and have frequent contact with extension agents. On the other side, without encouragement of the extension agents, farmers can adopt and later go to farmers' training centers or contact extension agents for technical help. People who already adopted these practices are also more likely to come together to discuss farm-related issues. Finally, due to the small area coverages, the results of this study are not assumed to universally applied and extrapolated automatically to the entire country.
Despite these reservations, the main findings are still highly relevant and useful for the sampled villages and other villages in Ethiopia with similar agroecology, farming practices, and socio-cultural practices. In addition, since sustainable land management practices are often interrelated, these results can be transferred to other agricultural practices, such as anti-erosion measures. Furthermore, we think that the possibility of endogeneity bias does not reduce the validity of the results because the target variables are latent and constructed from observed statements, which are less vulnerable to the endogeneity problem. The reversal direction (from adoption to the extension services and group memberships) has not been observed practically in the area under consideration. Other studies have used both variables in adoption models and do not find endogeneity problem [10, 14, 16, 64] .
Therefore, governments, researchers, academicians, NGOs, and other development actors should strengthen and empower formal and informal institutions, and create strong interrelational networks among local community groups to use their potentials positively. They should also capacitate the competence of extension agents and organize various awareness enhancing initiatives to reduce aversion behaviors. These economic actors should improve understanding of farmers and inspire them to adopt sustainable land management practices, especially in dryland and water stressed areas. In general, enhancing awareness, providing timely information, and organizing capacity building that enable individuals to uptake more sustainable agricultural practices, and that make reduce individuals risk aversion.
Finally, we suggest the following point for further investigation: time effect on adoption decisions of sustainable land management practices-what factors encourage adoption of these practices over time-and the cascade effect of adopting agricultural practices, because a farmer who adopted one practice was six times more likely to adopt other practices [68] . Moreover, the impact of plot-variability that captures a distance from home to each plot should further be investigated. Furthermore, whether extension services and group membership-especially in less developed countries-have an endogeneity problem in the adoption model should be addressed. Finally, in reality, the adoption of technologies highly varies across locations but it is found here insignificant. Therefore, the spatial effect (location variability) on the adoption of sustainable agricultural practices should be known and understood by research studies that cover a wider geographical area with a larger sample size across different agro-ecological conditions.
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Appendix A Table A1 . Conditional and unconditional probability of adopting agricultural practices. 
Conditions
